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(54) QUINOXALINE DERIVATIVES, AND ORGANIC SEMICONDUCTOR DEVICES, 

ELECTROLUMINESCENT DEVICES AND ELECTRONIC APPLIANCES, MADE BY USING THE 
DERIVATIVES 

(57) Target is to provide an organic compound material having a bipolar character. 

A quinoxaline derivative represented by a general fomriula (1 ) is provided. In the formula, R"" - Ri2 each independently 
represents a hydrogen atom, a halogen atom, a lower alkyi group, an alkoxy group, an acyl group, a nitro group, a cyano 
group, an amino group, a dialkylamino group, a diarylamino group, a vinyl group, an aryl group, or a heterocyclic residue 
group. R9 and R^^^ rio and Ri\ and R"*^ and R^^ are each independent or respectively mutually bonded to form an 
aromatic ring. Ar^ - Ar* each independently represents an aryl group or a heterocyclic residue group. Ar\ Ar^, Ar^ and 
Ar^ are each independent or Ar^ and Ar^, and Ar^ and AT* are respectively mutually bonded directly, or Ar^ and Ar^, and 
Ar^ and Ar* are bonded via oxygen (O), sulfur (S) or a carl>onyl group. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a quinoxaline derivative which is an organic compound material, and an organic 
semiconductor device utilizing the same. It also relates to an electric field light emitting device utilizing the aforementioned 
quinoxaline derivative. 

BACKGROUND ART 

[0002] Organic compounds include more varied material systems in comparison with inorganic compounds, and have 
possibility that materials of various functions can be synthesized by an appropriate molecular design. Also they have 
features that a molded article such as a film is flexible and provides an excellent workability by a polymer formation. 
Based on these advantages, photonics and electronics utilizing functional organic materials are attracting attention 
recently. 

[0003] Examples of an electronic device utilizing an organic compound material as a functional organic material include 
a solar cell, an electric field light emitting device, and an organic transistor. These are devices utilizing electrophysical 
properties (earner transporting property) and optophysical properties (light absorption or emission) of the organic com- 
pound material, and, among these, the electric field light emitting device is showing a remarkable progress. 
[0004] As a most basic device structure of the electric field light emitting device, there is known a structure in which 
a thin film of a total thickness of about 100 nm, formed by a hole transporting layer constituted of a hole transporting 
organic compound and an electron transporting light-emitting layer constituted of an electron transporting organic com- 
pound, is sandwiched between electrodes (for example cf. non-patent reference 1 ). By applying a voltage on such device, 
a light emission can be obtained from the electron transporting organic compound which also has a light emitting property. 
Such structure is generally called a single hetero (SH) stmcture. 

[0005] The electric field light emitting device in the non>patent reference 1 can be considered to be based on a functional 
separation, namely the transportation of holes being executed by the hole transport layer and the transportation of 
electrons being executed by the electron transport layer. 

[0006] Thereafter, for the purposes of further improvement in a change of an emission spectrum and a decrease in 
the light emission efficiency resulting from an interaction (for example formation of an exciplex) at an interface of the 
laminated layer, the concept of such functional separation has been developed into a double hetero (DH) structure in 
which a light emitting layer is inserted between the hole transport layer and the electron transport layer (for example cf. 
non-patent reference 2). 

[0007] In an electric field light emitting device as described in the non-patent reference 2. in order to further suppress 
an interaction generated at the interface, it is preferable to form the light emitting layer with a bipolar material having 
both the electron transporting property and the hole transporting property. 

[0008] However, organic compound materials are mostly a monopolar material, having either the hole transporting 
property or the electron transporting property. For example, a material shown In the following patent reference 1 is only 
applied as an electron injecting layer. 

[0009] It is therefore desired to newly develop an organic compound material having a bipolar character. 
Patent reference 1: JP-A-2003-40873 

[0010] Non-patent reference 1: C. W. Tang and one another. Applied Physics Letters. Vol. 51 , No. 12, 913-915(1987) 
[001 1] Non-patent reference 2: Chlhaya Adachi and three others, Japanese Joumal of Applied Physics Vol 27 No 
2. L269.L271(1988). 

DISCLOSURE OF THE INVENTION 

(Problems to be Solved by the Invention) 

[0012] A target of the present invention is to provide an organic compound material having a bipolar property and also 
a light emitting property. It is also a target to provide an organic semiconductor device utilizing such organic com|X)und 
material, partlculariy an electric field light emitting device capable of reducing a device failure such as a dielectric 
breakdown or improving a light emitting property by employing tfie aforementioned organic compound material. 
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(Means for Solving the Problems) 

[0013] The present invention provides a quinoxaline derivative represented by a general formula (1). 
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[0014] In the formula (1), - R^^ ^ay be same or different and each represents a hydrogen atom, a halogen atom, 
a lower alkyi group, an alkoxy group, an acyl group, a nitro group, a cyano group, an amino group, a dialkylamino group, 
a diarylamino group, a vinyl group that may have a substituent, an aryl group that may have a substituent. or a heterocyclic 
residue group that may have a substituent. Also. R9 and R^o rio and R'»^ or R^^ and R''^ may be mutually bonded to 
form an aromatic ring. Also Ar^ - Ar^ may be same or different and each represents an aryl group that may have a 
substituent or a heterocyclic residue group that may have a substituent. Also Ar^ and Ar^, and Ar^ and Ar^ may be 
mutually bonded directly as shown in a following general formula (68), or bonded via oxygen (O). sulfur (S) or a cari^onyl 
group as shown in a following general formula (69). 
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[0015] In the formula (68), A and B represent oxygen (O). sulfur (S). or a carbonyl group. Also r;* to R'*2 are same as 
shown in the formula (1 ). 
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[0016] In the formula (69). A and B represent oxygen (O). sulfur (S), or a cartxjnyl group. Also R** to Ri2 are same as 
shown in the formula (1). 

[0017] The present invention provides a quinoxaline derivative represented by a general formula (2). 

25 




[0018] In the fonnula (2). X and Y each is represented by either one of fonnnulas (3) - (5). 
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In the formulas, R'' - R^® may be same or different and each represents a hydrogen atom, a halogen atom, a lower alkyi 
group, an alkoxy group, an acyl group, a nitro group, a cyano group, an amino group, a dialkylamino group, a diarytamino 
group, a vinyt group that may have a substituent, an aryl group that may have a substituent, or a heterocyclic residue 
group that may have a substituent. Also, R^ and R^o, R^^ and R'*'', or R^'* and R''^ may be mutually bonded to form an 
aromatic ring. Z represents oxygen (O), sulfur (S) or a carbonyl group. 

[0019] The present invention provides a quinoxaline derivative represented by a general formula (6). 




[0020] In the formula (6), X and Y each is represented by either one of formulas (7) - (9). 
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In the formulas, - R^2 nnay be same or different and each represents a hydrogen atom, a halogen atom, a lower alkyi 
group, an alkoxy group, an acyl group, a nitro group, a cyano group, an amino group, a dialkylamino group, a diarylamino 
group, a vinyl group that may have a substituent. an aryl group that may have a substituent. or a heterocyclic residue 
group that may have a substituent. Also, R9 and R^^. R^o and R'»^ or R^i and Ri2 may be mutually bonded to form an 
aromatic ring. 2 represents oxygen (O), sulfur (S) or a carbonyl group. 

[0021] In the foregoing general formulas (1 ). (2) and (6). the lower alkyI group can be a methyl group, an ethyl group, 
an n-propyl group, an isopropyl group, an n-butyl group, a see-butyl group, a tert-butyl group, or a hexyl group and 
preferably includes 1-6 carbon atoms. It can also be a halogenated alkyI group such as a trifluorom ethyl group, or a 
cycloalkyi group such as a cyclohexyl group. The alkoxy group can be a methoxy group, an ethoxy group, an n-propoxy 
group, an isopropoxy group, an n-butoxy group, a sec-butoxy group, a tert-butoxy group or a hexoxy group, and preferably 
includes 1-6 carbon atoms. The acyl group can be an acetyl group or the like. The dialkylamino group can be a 
dimethylamino group, a diethylamino group or the like, preferably containing 1-4 carbon atoms in the alkyI chain. The 
diarylamino group can be a diphenylamino group, a bis(a-naphthy[)amino group or the like, and also be a substituted 
arylamino group such as a bis(m-tolyl)amino group. The vinyl group may also be a vinyl group haying a substituent such 
as a diphenylvinyl group. The aryl group can be not only a non-substituted aryl group such as a phenyl group or a 
naphthyl group, but also a substituted aryl group such as an o-tolyl group, an m-tolyl group, a p-tolyl group, a xylyl group, 
a methoxyphenyl group, an ethoxyphenyl group or a fluorophenyl group. The heterocyclic residue group can be a pyridyl 
group, a furyl group, a thienyl group or the like, which may further have a substituent such as a methyl group. 
[0022] In the following, specific structural formulas of the quinoxaline derivative of the present invention are listed, but 
the present invention is not limited to these, 
[formulas] (10) -(67) 
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[0023] The aforementioned quinoxaltne derivative of the present invention has a bipolar property and also a light 
emitting property. Also not easily containing a microcrystaltine component at a film formation by an evaporatbn method, 
it has a satisfactory film forming property. 

[0024] An example of a synthesizing method for the quinoxaline derivative of the present invention will be shown, 
taking the compound represented by the structural formula (10) above as an example. The quinoxaline derivative rep- 
resented by the structural formula (10) above of the present invention can be obtained, for example, by a following 
synthesizing scheme. 
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[0025] Also other compounds can be obtained, as shown above, by a method utilizing a dibromo compound of diphe- 
nylquinoxaltne. However, the method for synthesizing the quinoxaline derivative of the present invention is not limited 
to such method. 
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[0026] Another structure of the present invention is an organic semiconductor device utilizing the quinoxaline derivative 
represented by the general formula (1), (2) or (6). 

[0027] The organic semiconductor device can be, for example, an electric field light emitting device, an organic trarv 
sistor. or an organic solar cell. 

[0028] Another structure of the present invention is an electric field light emitting device characterized In including a 
quinoxaline derivative represented by the general formula (1). (2) or (6) between a pair of electrodes. 
[0029] The quinoxaline derivative of the present invention, having a bipolar property and a light emitting property, can 
be used as a light emitting layer of an electric field light emitting device, without particularly including a dopant (guest 
material). Also owing to the bipolar property, the light emitting portion is not easily deviated at the interface of the laminated 
films, and an electric field light emitting device of a satisfactory light emitting property can be prepared with little change 
in the light emission spectrum and little decrease in the light emission efficiency resulting from an interaction such as 
an exciplex. 

[0030] The quinoxaline derivative of the present invention, having a light emitting property, can be employed as a 
guest material (light emitting member) in the light emitting layer of the electric field light emitting device. 
[0031] Also the quinoxaline derivative of the present invention, having a bipolar property and not easily containing a 
microcrystalline component at a film formation thereby showing a satisfactory film forming property, can be employed 
as a host material in the light emitting layer of the electric field light emitting device. In case of use as the host material, 
there can be obtained a light emission color resulting from a guest material, or a mixed light emission color of a light 
emission color resulting from the quinoxaline derivative of the present invention and a light emission color resulting from 
the guest material. 

[0032] Particularty in case the quinoxaline derivative of the present invention is employed as a host material, a phos- 
phorescent material showing a light emission from a triplet excited state is used as the guest material to obtain an electric 
field light emitting device of a high current efficiency and a low driving voltage. Therefore, an electric field light emitting 
device having the light emitting layer containing the quinoxaline derivative of the present invention and a phosphorescent 
material showing a tight emission from a triplet excited state is also included in the present invention, in such case, the 
phosphorescent material preferably has a peak of a light emission spectrum from ^0 to 700 nm. 

(Effect of the Invention) 

[0033] The present invention allows to obtain a quinoxaline derivative having a bipolar property and a light emitting 
property. Also the use of the quinoxaline derivative of the present invention allows to prepare an electric field light emitting 
device in which the light emitting portion is not easily deviated at the interface of the laminated films, arid which shows 
a satisfactory light emitting property with little change in the light emission spectrum and little decrease in the light 
emission efficiency resulting from an interaction such as an exciplex. Furthermore, the use of the quinoxaline derivative 
of the present invention allows to prepare a satisfactory electric field light emitting device with little device defects such 
as a dielectric breakdown by an electric field concentration. 

BRIEF DESCRiPTION OF THE DRAWINGS 

[0034] 

Fig. 1 is a view for explaining one aspect of an electric field light emitting device of the present invention. 
Fig. 2 is a view for explaining one aspect of an electric field light emitting device of the present invention. 
Fig. 3 is a '•H-NMR chart of TPAQn. 

Fig. 4 is a view showing an absorption-light emission spectrum of TPAQn. 
Fig. 5 is a view showing an absorption-light emission spectrum of CzQn. 

Fig. 6 is a view showing luminance-current density (L-J) characteristics of the electric field light emitting device of 
the present invention. 

Fig. 7 is a view showing luminance-voltage (L-V) characteristics of the electric field light emitting device of the present 
invention. 

Fig. 8 is a view showing a light emission spectrum of the electric field light emitting device of the present invention. 
Fig. 9 is a view showing luminance-current density (L-J) characteristics of the electric field light emitting device of 
the present invention. 

Fig. 10 is a view showing luminance-voltage (L-V) characteristics of the electric field light emitting device of the 
present invention. 

Fig. 1 1 is a view showing a light emission spectrum of the electric field light emitting device of the present invention. 
Fig. 12 is a view showing current eficiency-luminance (r|-L) characteristics of the electric field light emitting device 
of the present invention. 
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Fig. 13 Is a view showing luminance-voltage (L-V) characteristics of the electric field light emitting device of the 
present invention. 

Fig. 14 is a view showing a light emission spectrum of the electric field light emitting device of the present invention. 
Fig. 15 is a view showing cunrent-voltage (l-V) characteristics of the electric field light emitting device of the present 
invention. 

Fig. 16 is a view for explaining an organic semiconductor device in which the present invention Is applied. 
Fig. 17 Is a cross-sectional view for explaining a light emitting apparatus in which the present invention Is applied. 
Fig. 18 is a plan view for explaining a light emitting apparatus in which the present invention is applied. 
Fig. 19 is a view for explaining an electronic device in which the present invention is applied. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(Embodiment mode 1) 

[0035] As one aspect of the present Invention, an electric field light emitting device which Is an organic semiconductor 

device utilizing a quinoxaline derivative of the present invention will be explained with reference to Rg. 1 . 

[0036] In Fig. 1 . there is shown a structure in which a first electrode 1 01 is formed on a substrate 100, an electric field 

light emitting layer 102 is formed on the first electrode 101 . and a second electrode 103 is formed thereon. 

[0037] A material to be employed for the substrate 100 can be a material employed In conventional electric field light 

emitting devices, and it can be constituted for example of glass, quartz, transparent plastics or the like. 

[0038] In the present embodiment mode, the first electrode 101 functions as an anode, and the second electrode 103 

functions as a cathode. 

[0039] More specifically, the first electrode 101 is formed by an anode material, and the anode materia! employable 
In this case Is preferably a metal, an alloy, an electrically conductive compound, and a mixture thereof having a large 
work function (work function equal to or higher than 4.0 eV). As a specific example of the anode material, there can be 
used indium tin oxide (ITO), or indium zinc oxide (IZO) fomied by mixing indium oxide with zinc oxide (ZnO) of 2 - 20%. 
or also gold (Au), platinum (Pt). nickel (Ni). tungsten (W). chromium (Cr). molybdenum (Mo), iron (Fe). cobalt (Co), 
copper (Cu), palladium (Pd) or a nitride of a metal material (TIN). 

[0040] On the other hand, as the cathode material to be used for fonming the second electrode 103 there is preferably 
employed a metal, an alloy, an electrically conductive compound, and a mixture thereof having a small work function 
(woric function equal to or lower than 3.8 eV). Specific examples of the cathode material include an element of the group 
1 or 2 of the periodic table, namely an alkali metal such as lithium (Li) or cesium (Cs). an alkali earth metal such as 
magnesium (Mg), calcium (Ca) or strontium (Sr), and an alloy including these (Mg:Ag, AI:Li). However, by forming a 
layer of a function promoting an electron injection between the second electrode 103 and the light emitting layer and- In 
lamination with such second electrode, it is possible to use various conductive material such as A1 , Ag, ITO as the 
second electrode 103 regardless of the magnitude of the work function. 

[0041] For the layer of the function promoting the electron injection, a compound of an alkali metal or an alkali earth 
metal, such as lithium fluoride (LiF), cesium fluoride (CsF) or calcium fluoride (CaF2). can be used. In addition, it is also 
possible to use a material having an electron transporting property, in which an alkali metal or an alkali earth metal Is 
contained, for example Alq containing magnesium (Mg). 

[0042] The anode material and the cathode material mentioned above are formed as thin films by an evaporation 
method or a sputtering method, thereby respectively forming the first electrode 101 and the second electrode 103. 
[0043] The electric field light emitting device of the present invention has a structure In which a light generated by a 
recombination of carriers in the electric field light emitting layer 102 is emitted to the exterkjr from either of the first 
electrode 101 and the second electrode 102, or both thereof. Thus, in case the light is emitted from the first electrode 
101, the first electrode 101 is formed with a light transmitting material, and, in case the light is emitted from the side of 
the second electrode 103, the second electrode 103 is formed with a light transmitting material. 
[0044] The electric field light emitting layer 102 is fomied by laminating plural layers, and. In the present embodiment 
mode. It Is fomied by laminating a hole Injecting layer 111, a hole transporting layer 112, a light emitting layer 113 and 
an electron transporting layer 114. 

[0045] As a hole injecting material for forming the hole injecting layer 111, a compound of phthalocyanine type Is 
effective. For example, phthalocyanine (abbreviation: HgPc), copper phthalocyanine (abbreviation: CuPc) etc., can be 
employed. 

^[0046] As a hole transporting material for forming the hole transporting layer 1 1 2, a compound of aromatic amine type 
(namely having a benzene ring-nitrogen bond) is suitable. Widely employed materials include, for example. 
4.4 -bis[N-(3-methylphenyl)-N-phenyl-aminol-biphenyl (abbreviation: TPD). or its derivatives such as 4,4 -bls[N-(1-naph- 
thyl)-N-phenyl-amino)-biphenyl (abbreviation: a-NPD), or star burst aromatic amine compounds, such as 
4,4*.4"-tris(N.N-diphenyl-amino)-triphenylamlne (abbreviation: TDATA), or 4,4'.4"-tristN-(3-methylphenyl)-N-phe- 
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nyl-aminoj-lriphenylamine (abbreviation: MTDATA). 

[0047] The light emitting layer 1 1 3 is formed by the quinoxaline derivative of the present invention represented by the 
general formula (1), (2) or (6). The quinoxaline derivative of the present invention, having a bipolar property and a light 
emitting property, can be employed as the light emitting layer without a particular doping with a guest material having a 
5 light emitting property. 

[0048] The quinoxaline derivative of the present invention is considered to have a bipolar character, as an arylamine 
skeleton of an electron donating property is introduced into a quinoxaline skeleton having an electron transporting 
property. 

[0049] As an electron transporting material in case of forming the electron transporting layer 114, a metal complex 
10 having a quinoline skeleton or a benzoquinoline skeleton Is preferable, such as tris(8-quinolinolato)aluminum (abbrevi- 
ation: Atqs), tris(5-methyl-8-quinolinolato)aluminum (abbreviation: Almq3), bis(1C)-hydroxybenzo[h]-quinolinato)beryllium 
(abbreviation: BeBq2). or BAIq mentioned above. There is also available a metal complex having an oxazole orthiazole 
ligand, such as bis[2-{2-hydroxyphenyl)-benzoxazoIato]zinc (abbreviation: Zn(BOX)2) or bis[2-(2-hydroxyphenyl-benzo- 
thiazolato)zinc (abbreviation: Zn(BTZ)2)- In addition to the metal complex, 2-(4-biphenylyl)-5-(4-tert-butylphe- 
IS nyl)-1,3,4-oxadiazole (abbreviation: PBD), 1,3-bis[5-(p-tert-butylphenyl)-1,3.4HDxadiazol-2-yl]ber)zene (abbreviation: 
OXD-7), 3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1 ,2,4-triazole (abbreviation: TAZ), 3-(4-tert-buty[phe- 
nyl)-4-(4-ethylphenyl)-5-(4-biphenyIyl)-1,2,4-triazole (abbreviation: p-EtTAZ), basophenanthroline (abbreviation: 
BPhen), basocuproin (abbreviation: BCP), and the like can be used as the electron transporting material. 
[0050] Based on the foregoing, an electric field light emitting device can be prepared with the light emitting layer 113 
20 formed by the quinoxaline derivative of the present invention, the hole injecting layer 11 1, the hole transporting layer 
112, and the electron transporting layer 114 formed by a low molecular material. The hole injecting layer 111. the hole 
transporting layer 112. and the electron transporting layer 114 are not limited to a low molecular material, but can also 
be formed by a high molecular material 

[0051] In the present embodiment mode, the electric field light emitting device is formed on the substrate 100. but the 
25 electric field light emitting device may also be formed, as shown in Fig. 2. on a thin film transistor (TFT), with an electrical 
connection to the TFT. In Fig. 2. 10 indicates a substrate, broken-lined areas 11, 12 indicate TFT, 14 indicates a first 
electrode, 15 indicates a layer containing a light emitting substance, 16 indicates a second electrode, and 17 indicates 
a wiring, wherein a laminated portion of the first electrode 14; the layer 15 containing the light emitting substance and 
the second electrode 16 functions as a light emitting device 13. Thus there can be prepared a light emitting apparatus 
30 of active matrix type in which the drive of the light emitting device is controlled by the TFT. The structure of the TFT is 
not particulariy restricted and can be a top gate type or a bottom gate type. 

[0052] The electric field light emitting layer, in addition to the structure shown in the present embodiment mode, may 
also have a laminated structure such as hole injecting layer\light emitting layer^electron injecting layer. Also since the 
quinoxaline derivative of the present invention has a hole transporting property and an electron transporting property, 
35 and also a light emitting property, the electric field light emitting layer may have a structure utilizing the quinoxaline 
derivative of the present invention in a single layer. 

[0053] The quinoxaline derivative of the present invention, being a material having a bipolar property and a light 
emitting property, can be employed, as indicated in the present embodiment mode, as a light emitting layer without 
including a dopant (guest material) or the like. Also owing to the bipolar property, the light emitting portion is not easily 

"^0 deviated at the interface of the laminated films, and an electric field light emitting device of a satisfactory light emitting 
property can be prepared with little change in the light emission spectrum and little decrease in the light emission efficiency 
resulting from an interaction such as an exciplex. Also as the contained microcrystalline component is very few in the 
film formation to provide a satisfactory film fomning property, there can be prepared a satisfactory electric field light 
emitting device with low device defects such as a dielectric breakdown by an electric field concentration. Also the 

45 quinoxaline derivative of the present invention, being a material having a carrier transporting property (electron trans- 
porting property and hole transporting property), can reduce, by the use in the light emitting layer, a drive voltage of the 
electric field light emitting device. 

(Embodiment mode 2) 

50 

[0054] This embodiment mode explains an electric field light emitting device employing the quinoxaline derivative of 
the present invention as a guest material. 

[0055] The quinoxaline derivative of the present invention, having a light emitting property, can also be used as a 
guest material (light emitter) for obtaining a light emission of blue to blue-green color. 
55 [0056] The quinoxaline derivative of the present invention, being a material having a carrier transporting property, can 
reduce, by the use as a guest material, a drive voltage of the electric field light emitting device. 

[0057] In such case, there can be adopted a device structure having an electric field light emitting layer (a structure 
of single layer or laminated layers) employing, as a light emitting layer, an organic compound layer containing the 
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quinoxaline derivative represented by the general formula (1), (2) or (6). sandwiched between a pair of electrodes (an 
anode and a cathode). For example. In an electric field light emitting device having a device structure of anode\hole 
injecting layerXhole transporting layerMight emitting layer\electron transporting layer\cathode» anode\hole Injecting lay- 
erVlight emitting layer\electron transporting layer\cathode, anodeXhole injecting tayer\hole transporting layerMight emitting 
layer\electron transporting layer\electron injecting layer\cathode, anodeVhole injecting Iayer\hole transporting layerMight 
emitting layerXhole blocking layer\electron transporting layer\cathode, or anodeVhole injecting layerMiole transporting 
layerMight emitting layerMiole blocking layer\electron transporting layer\electron injecting layer\cathode. a light emitting 
layer containing the quinoxaline derivative represented by the general formula (1). (2) or (6) as a guest material can be 
used. 

[0058] As the host material, a known material can be employed such as, in addition to the hole transporting material 
and the electron transporting material described in the embodiment mode 1 , 4,4 -bis(N-carba2olyl)-biphenyI (abbreviation: 
CBP). 2,2',2''-(1,3,5-benzenetri-yl)-tris(1-phenyl-1H-benzimidazole) (abbreviation: TPBI). or 9.10-di(2-naphthyl)anthra- 
cene (abbreviation: DNA). 

[0059] In particular, a quinoxaline derivative represented by the foregoing structural formula (10) as a guest material 
and DNA as a host material allow to obtain a high light emitting efficiency and a light emission of highly pure blue color. 
[0060] The electric field light emitting device of the present embodiment mode can be prepared, as shown in the 
embodiment mode 1, on a substrate or can be prepared on a TFT as an electric field light emitting device electrically 
connected with the TFT. 

(Embodiment mode 3) 

[0061] The present embodiment mode explains an electric field light emitting device employing the quinoxaline deriv- 
ative of the present invention as a host material. 

[0062] The quinoxaline derivative of the present Invention, having a bipolar property and showing very few microcrys- 
talline component contained in a film formation thereby providing a satisfactory film fonming property, can be used as a 
host material. 

[0063] Also the quinoxaline derivative of the present invention, being a material having a carrier transporting property 
as explained in the foregoing, can reduce, when employed as a host material, a drive voltage of the electric field light 
emitting element. 

[0064] In case of use as a host material, there can be obtained a light emission color resulting from a guest material, 
or a nriixed light emission color of a light emission color resulting from the quinoxaline derivative of the present invention 
and a light emission color resulting from the guest material doped in such quinoxaline derivative. 
[0065] In such case, there can be adopted a device structure having an electric field light emitting layer (a structure 
of single layer or laminated layers) employing, as a light emitting layer, an organic compound layer containing the 
quinoxaline derivative represented by the general formula (1 ), (2) or (6), sandwiched between a pair of electrodes (anode 
and cathode). For example, in an electric field light emitting device having a device structure of anodeNhole injecting 
layerMiole transporting layerMight emitting layerXelectron transporting layer\cathode, anodeVhole injecting layerMight emit- 
ting layer\electron transporting layerXcathode. anodeXhole injecting layer\hole transporting layerMight emitting layerXelec- 
tron transporting layerXelectron injecting layer\cathode. anodeMiole injecting layerMiole transporting layerMight emitting 
layerMiole blocking layerXelectron transporting layerXcathode, or anodeXhole injecting layerXhoIe transporting layerMight 
emitting layerXhole blocking layerXelectron transporting layerXelectron injecting layerXcathode. a light emitting layer con- 
taining the quinoxaline derivative represented by the general formula (1). (2) or (6) as a host material can be used. 
[0066] As the guest material, a known material can be used, for example a fluorescent material such as 4-(dicy- 
anomethylene)-2-methyl-6-(p-dimethy[aminostyryl)-4H-pyran (abbreviation: DCM1). 4-(dicyanomethylene>-2-me- 
thyl-6-0uIolidin-4-yI-vinyl)-4H-pyran (abbreviation: DCM2), N,N-dimethylquinacridone (abbreviation: DMQd). 9,1 0-diphe- 
nylanthracene (abbreviation: DPA). 5.12-diphenyltetracene (abbreviation: DPT), coumarine 6. perylene or rubrene, or 
a phosphorescent material such as bis(2-(2'-benzothienyl)pyridinato-N,C3')(acetytacetonato) iridium (abbreviation: 
lr(btp)2(acac)) or the like. 

[0067] An electric field light emitting device for obtaining a light emission from a triple excited state by adding a 
phosphorescent material such as the aforementioned iridium complex is already known as a device capable of attaining 
a high efficiency, but a high drive voltage has been a drawback. However, the quinoxaline derivative of the present 
invention employed as the host allows to reduce the drive voltage. 

[0068] Also the quinoxaline derivatives of the present invention relatively frequently show the light emission in a range 
of blue to green-yellow color. Therefore, in case of adding a phosphorescent material to the quinoxaline derivative of 
the present invention as a host, the phosphorescent material preferably has a light emitting wavelength at a longer 
wavelength than in the quinoxaline derivative, particularly in a range of yellow to red color such as about 560 to 700 nm. 
However such condition is not restrictive as the light emission wavelength of the quinoxaline derivative can be changed 
by a substituent effect. 
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[0069] The electric field light emitting device of the present embodiment mode can be prepared, as shown in the 
embodiment mode 1 , on a substrate or can be prepared on a TFT as an electric field light emitting device electrically 
connected with the TFT. 

5 (Embodiment mode 4) 

[0070] The present embodiment mode 4 illustrates a mode in which the quinoxaline derivative of the present invention 
is used as an active layer of a vertical type transistor (SIT) which is one of organic semiconductor derives. 
[0071] The device has a structure in which, as shown in Fig. 16, an active layer 1202 of a thin film shape formed by 
10 the quinoxaline derivative of the present invention is sandwiched between a source electrode 1201 and a drain electrode 
1203, and a gate electrode 1204 is embedded in the active layer 1202. 1205 indicates means for applying a gate voltage, 
and 1206 indicates means for controlling a voltage between the source and the drain. 

[0072] In such device stnjcture, when a voltage is applied between the source and the drain in a state in which a gate 
voltage is not applied, a current flows as in the electric field light emitting device (on-state). When a gate voltage is 
15 applied in such state, a depletion layer is generated in the vicinity of the gate electrode 1204, whereby the current no 
longer flows (off-state). A function as a transistor is obtained through the above-described mechanisms. 
[0073] In a vertical type transistor, as in the electric field light emitting device, a material having a carrier transporting 
property and a satisfactory film forming property is required for the active layer, and the quinoxaline derivative of the 
present invention suffidentiy meets these conditions and is therefore useful. 

20 

(Embodiment mode 5) 

[0074] As the tight emitting device of the present invention functions at a low drive voltage, a light emitting apparatus 
employing the present invention can be operated with a low electric power consumption. Also an electronic device 
25 utilizing such light emitting apparatus employing the present invention can be operated with a low electric power con- 
sumption. 

[0075] Thus, the present embodiment mode explains a light emitting apparatus and an electronic device employing 
the present invention, with reference to Figs. 17-19. 

[0076] A light emitting apparatus fomied by providing a plurality of the light emitting device of the present invention 
30 on a substrate can be installed, after mounting an external input terminal and sealing, as a display apparatus in various 
electronic devices. 

[0077] The present embodiment mode, explains a. light emitting apparatus after sealing and an electronic device 
mounted with such light emitting apparatus, with reference to Figs. 17-19. However, Figs. 17-19 merely show an 
embodiment mode, and the structure of the light emitting apparatus is not limited to such structure. 

35 [0078] Fig. 17 is a cross-sectional view of a light-emitting apparatus after sealing. A substrate 6500 and a sealing 
substrate 6501 are adhered with a sealing agent 6502 so as to enclose a transistor 6504 and a light-emitting device 
6505. At an end portion of the substrate 6500, an FPC (flexible printed circuit) 6503 constituting an external input terminal 
Is mounted. An internal region enclosed by the substrate 6500 and the sealing substrate 6501 is filled with an Inert gas 
such as nitrogen or a resinous material. 

40 [0079] Fig. 18 is a schematic view, seen from above, of a light emitting apparatus in which the present invention is 
applied. Referring to Fig. 18, a broken-lined area 6510 indicates a drive circuit portion (source side drive circuit), 6511 
indicates a pixel portion, and 6512 Indicates a drive circuit portion (gate side drive circuit). In the pixel portion 651 1, light 
emitting devices of the present invention are provided. The drive circuit portions 6510 and 6512 are connected by the 
FPC 6503 constituting the external input terminal and a group of wirings formed on the substrate 6500. By receiving a 

45 video signal, a clock signal, a start signal, a reset signal etc. from the FPG (flexible printed circuit) 6503, signals are 
entered into the source side drive circuit 6510 and the gate side drive circuit 6512. A printed wiring board (PWB) 6513 
is mounted on the FPC 6503. The drive circuit portion 6510 includes a shift register 6515. a switch 6516, and memories 
(latches) 6517, 6518, while the drive circuit portion 6512 includes a shift register 6519 and a buffer 6520. Also other 
functions may further be provided. Also the drive circuit portion need not be provided on the same substrate as that for 

50 the pixel portion 651 1, and It may be provided outside the substrate, for example utilizing a TCP in which an IC chip is 
mounted in an FPC shape in which a wiring pattern is formed. 

[0080] Fig. 1 9 shows an embodiment of an electronic device in which a light emitting apparatus embodying the present 
invention is mounted. 

[0081] Fig. 19(A) is a notebook type personal computer prepared applying the present invention, and is constituted 
55 by a main body 5521 , a casing 5522, a display portion 5523, a keyboard 5524 etc. The personal computer can be 
completed by incorporating, as a display portion, a light emitting apparatus having the light emitting device of the present 
invention. 

[0082] Fig. 19(B) is a portable telephone prepared applying the present invention, and a main body 5552 is constituted 
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by a display portion 5551, an audio output portion 5554, an audio input portion 5555. operation switches 5556. 5557, 
an antenna 5553 etc. The personal computer can be completed by Incorporating, as a display portion, a light emitting 
apparatus having the light emitting device of the present invention. 

[0083] Fig. 1 9(C) is a television receiver prepared applying the present invention, and is constituted of a display portion 
5531 . a casing 5532, a speaker 5533 etc. The television receiver can be completed by incorporating, as a display portion, 
a light emitting apparatus having the light emitting device of the present invention. 

[0084] As explained above, the light emitting apparatus of the present invention is suitable for use as a display portion 
of various electronic devices. 

[0085] The present embodiment describes a notebook type personal computer, but the light emitting apparatus having 
the light emitting device of the present invention may also be mounted in a car navigation or an illuminating apparatus. 

Embodiments 

[Embodiment 1] 

(Synthesis example 1) 

[0086] This synthesis example 1 specifically shows a synthesis example of the quinoxaline derivative of the present 
invention represented by the foregoing structural formula (10) (hereinafter represented as TPAQn). 

[Synthesis of 2,3-bis(4-bromophenyl)quinoxaline] 

[0087] At first 10 g ^27.4 mmol) of 4-bromobenzyl and 3.5 g (33.5 mmol) of o-phenylenediamine were charged in a 
500 ml-eggplant-shaped flask, and agitated and refluxed in chloroform for 8 hours. 

[0088] Then, after cooling to the room temperature, remaining o-phenylenediamine was eliminated by column chro- 
matography whereby 2,3-bis(4-bromophenyl)quinoxaline was obtained. 

(Synthesis of TPAQn] 

[0089] Then, 4.40 g (10.0 mmol) of thus obtained 2,3-bis(4-bromophenyl)quinoxaline were weighed and charged in 
a three-necked flask, and dissoh^ed in 75 ml of toluene under a nitrogen flow. Then, 0.22 g (0.2 mmol) of Pd(dba)2, 2.88 
g (30 mmol) of NaO-t-Bu and 3.46 g (20.4 mmol) of diphenylamine were added, also 1 .8 ml of a 10 wt.% hexane solution 
of tri(t-butylphosphin) and agitation under heat was executed for 8 hours at 80''C. 

[0090] Then, after cooling to the room temperature, the reaction is terminated by adding water, and an extraction was 
made with chloroform. Then, after washing with saturated salt solution, a drying was executed with MgSO^. Thereafter, 
a recrystallization was executed from chloform to obtain desired TPAQn (yellow-green crystal, yield 2.7 g (yield: 44%)). 
Fig. 3 shows a ''H-NMR chart of TPAQn. The obtained TPAQn had a decomposition temperature of 411°C and was 
easily capable of film formation by a vacuum evaporation method by a resistance heating. A uniform film was formed 
without crystallization, coagulation or the like. In a measurement with a differential scanning calorimeter (Pyris 1DSC, 
manufactured by Perkin Elmer Inc.). a glass transition point was observed at 93*^0 and a melting point was observed in 
two positions at 214 and 220*C. 

[0091] An absorption-light emission spectrum of TPAQn in a toluene solution is shown in Fig. 4(a), and an absorp- 
tion-light emission spectrum of a thin film is shown in Fig. 4(b). In the toluene solution, a blue light emission having a 
peak at 480 nm was obtained, and, in the thin film state, a blue-green light emission having a peak at 500 nm was 
obtained. Also a HOMO level in a thin film state, measured by a photoelectron spectroscopy (AC-2, manufactured by 
Riken Keiki Co.) in the air, was -5.46 eV. Also, taking an absorption end of the absorption spectrum shown in Fig. 4(b) 
as an energy gap. a LUMO level was -2.76 eV. 

[0092] Also when a carrier mobility of the evaporated film of TPAQn was measured by a time of flight (TOF) method, 
a hole mobility was in the order of 1 0"® cm^A/s, and an electron mobility was in the order of 1 0-5 cm^A/s. Based on these 
facts, it was Identified that TPAQn was excellent in the transporting property for both hole and electron carriers, and also 
had a bipolar property. 

(Synthesis example 2) 

[0093] A quinoxaline derivative of the present invention represented by the foregoing structural formula (38) (hereinafter 
represented as CzQn) can be obtained by employing carbazole instead of diphenylamine In the synthesis example 1 . 
[0094] The obtained CzQn had a decomposition temperature of 447**C and was easily capable of film formatk>n by a 
vacuum evaporation method by a resistance heating. A uniform film was formed without crystallization, coagulation or 
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the like. 

[0095] An absorption-tight emission spectrum of CzQn in a toluene solution Is shown in Fig. 5(a). and an absorption-light 
emission spectrum of a thin film is shown in Fig. 5(b). In the solution, a purple-blue light emission having a peak at 440 
nm was obtained, and. in the thin film state, a blue light emission having a peak at 460 nm was obtained. Also a HOMO 
level in a thin film state, measured by a photoelectron spectroscopy (AC-2, manufactured by Riken Keiki Co.) in the air, 
was -5.94 eV Also, taking an absorption end of the absorption spectrum shown in Fig. 5(b) as an energy gap. a LUMO 
level was -3.02 eV 

(Synthesis example 3) 

[0096] A quinoxaline derivative of the present invention represented by the foregoing structural formula (50) (hereinafter 
represented as PoxOn) can be obtained by employing phenoxazine instead of diphenytamine in the synthesis example 1 . 
[0097] The obtained PoxQn had a decomposition temperature of 434"C and was easily capable of film formation by 
a vacuum evaporation method by a resistance heating. A uniform film was formed without crystallization » coagulation 
or the like. 

[0098] A light emission spectrum of PoxQn in a toluene solution had a peak at 556 nm and in a thin film state had a 
peak at 561 nm. both green-yellow light emission. Measurements of a HOMO level and a LUMO level in a thin.film state 
in a method similar to that in the synthesis example 1 provided a HOMO level of -5.59 eV and a LUMO level of -3. 1 1 eV. 

(Synthesis example 4) 

[0099] A quinoxaline derivative of the present invention represented by the foregoing structural formula (56) (hereinafter 
represented as PthOn) can be obtained by employing phenothiazine instead of diphenylamine in the synthesis example 1 . 
[0100] The obtained PthQn had a decomposition temperature of 428**C and was easily capable of film formation by 
a vacuum evaporation method by a resistance heating. A uniform film was formed without crystallization, coagulation 
or the like. 

[0101] A light emission spectrum of RhQn in a toluene solution was a yellow light emission having a p>eak at 575 nm 
and in a thin film state was a green-yellow light emission having a peak at 554 nm. Measurements of a HOMO level and 
a LUMO level in a thin film state In a method similar to that in the synthesis example 1 provided a HOMO level of -5.53 
eV and a LUMO level of -2.81 eV. 

(Synthesis example 5) 

[01 02] A quinoxaline derivative of the present invention represented by the foregoing structural formula (27) (hereinafter 
represented as NPADiBzQn) can be obtained by employing 9.10-phenanthrenediamine instead of o-phenylenediamine 
and N-(1-naphthyl)-N-phenylamine instead of diphenylamine in the synthesis example 1. 

[01 03] The obtained NPADiBzQn had a decomposition temperature of 460'*C and was easily capable of film formation 
by a vacuum evaporation method by a resistance heating. A uniform film was formed without crystallization, coagulation 
or the like. 

[0104] A light emission spectrum of NPADiBzQn in a toluene solution was a blue light emission having a peak at 469 
nm and in a thin film state was a blue-green light emission having a peak at 490 nm. Measurements of a HOMO level 
and a LUMO level in a thin film state in a method similar to that in the synthesis example 1 provided a HOMO level of 
-5.55 eV and a LUMO level of -2.91 eV. 

[Embodiment 2] 

[01 05] This embodiment provides a specific example of an electric field light emitting device employing a light emitting 
layer constituted solely of the quinoxaline derivative (TPAQn) of the present invention obtained in the foregoing synthesis 
example 1. The device structure was made similar to that shown in Fig. 1 . 

[0106] At first, there was employed a substrate 100 in which an ITO film of 110 nm was formed as a first electrode 
101 on a glass. The ITO was so formed as to function in an electrode of a size of 2 mm square. The ITO functions as 
an anode. 

[0107] Then films of CuPc of 20 nm as a hole injecting layer 111. a-NPD of 30 nm as a hole transporting layer 112 
and TPAQn of 30 nm as a light emitting layer 113 were formed. Further, BOP of 20 nm and Alq of 20 nm were laminated 
in succession as an electron transporting layer 114. Further, in the present embodiment, after calcium fluoride of 2 nm 
as a layer for promoting electron injection was laminated on the electron transporting layer 1 14. aluminum (Al) of 100 
nm was laminated as a second electrode 103 to obtain an organic semiconductor device (electric field light emitting 
device) of the present invention. 
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[0108] Luminance-current densrty (L-J) characteristics and luminance-voltage (L-V) characteristics of the obtained 
device are respectively shown in Figs, 6 and 7. This device, under an application of a voltage of 9.4 V, showed a current 
of a current density of 21 .9 mA/cm^ and a light emission at a luminance of 1030 cd/m^, A current efficiency was 4.71 cd/A. 
[0109] Also a light emission spectrum of this device is shown in Fig. 8. As shown In Fig. 8, there was obtained a 
blue-green light emission having a maximum peak value at about 500 nm. 

[Embodiment 3] 

[01 10] This embodiment provides a specific example of an electric field light emitting device employing a quinoxaline 
derivative (TPAQn) of the present invention obtained in the foregoing synthesis example 1 as a guest material of the 
light emitting layer. The device structure was made similar to that shown in Fig. 1 » but materials for forming the layers 
were made different from those in Embodiment 1 . 

[0111] At first, there was employed a substrate 100 in which an ITO film of 1 10 nm was formed as a first electrode 
101 on a glass. The ITO was so formed as to function in an electrode of a size of 2 mm square. The ITO functions as 
an anode. 

[01 12] Then films of CuPc of 20 nm as a hole injecting layer 111. and a-NPD of 30 nm as a hole transporting layer 
112 were formed. Then a light emitting layer 113 of 30 nm was formed by co-evaporating DNA and TPAQn so as to 
obtain a weight ratio of 4:0.3 (namely TPAQn constituted about 7 wt.%). Further, BCP of 20 nm was formed as an 
electron transporting layer 114. then calcium fluoride of 2 nm as a layer for promoting electron injection was laminated 
on the electron transporting layer 114, and aluminum (Al) of 100 nm was laminated as a second electrode 103 to obtain 
an organic semiconductor device (electric field light emitting device) of the present invention. 

[0113] Luminance-cun-ent density (L-J) characteristics and luminance-voltage (L-V) characteristics of the obtained 
device are respectively shown in Figs. 9 and 10. This device, under an application of a voltage of 8.2 V, showed a current 
of a current density of 20.2 mA/cm^ and a light emission at a luminance of 1 025 cd/m^. A current efficiency was 5.08 cd/A. 
[0114] Also a light emission spectrum of this device is shown in Fig. 11. As shown in Fig. 11, there was obtained a 
blue light emission having a maximum peak value at about 480 nm. 

• 

..[Embodiment 4] 

[01 1 5] This embodiment provides a specific example of an electric field light emitting device employing a quinoxaline 
derivative (TPAQn) of the present invention obtained in the foregoing synthesis example 1 as a host material of the light 
emitting layer. There is particulariy shown an example of a device utilizing a phosphorescent material showing a light 
emission from a triplet excited state. The device structure was made similar to that shown In Fig. 1 , but materials for 
forming the layers were made different from those in Embodiment 1 . 

[0116] At first, there was employed a substrate 100 in which an ITO film of 110 nm was formed as a first electrode 
101 on a glass. The ITO was so formed as to function In an electrode of a size of 2 mm square. The ITO functions as 
an anode. 

[0117] Then films of CuPc of 20 nm as a hole injecting layer 111, and a-NPD of 30 nm as a hole transporting layer 
112 were formed. Then a light emitting layer 1 13 of 30 nm was formed by co-evaporating TPAQn and lr(btp)2(acac) in 
such a manner that lr(btp)2(acac) was contained by about 8.8 wt.%. Further, BCP of 10 nm and Alq of 20 nm were 
laminated in succession as an electron transporting layer 114. Also calcium fluoride of 2 nm as a layer for promoting 
electron injection was laminated on the electron transporting layer 114, and aluminum (Al) of 100 nm was laminated as 
a second electrode 103 to obtain an organic semiconductor device (electric field light emitting device) of the present 
invention. 

[01 1 8] Cun-ent efficiency-luminance (t|-L) characteristics and luminance-voltage (L-V) characteristics of the obtained 
device are respectively indicated by "Embodiment 4" in Figs. 12 and 13. This device had a drive voltage of 7.2 V at a 
light emission with a luminance of about 200 cd/m^, with a current of a current density of 4.58 mA/cm^. A current efficiency 
was 4.14 cd/A. 

[01 1 9] Also a light emission spectrum of this device is shown in Fig. 14. Based on the shape of the spectrum, the light 
emission was identified from the phosphorescent material lr(btp)2(acac). The CIE chromaticity coordinates were (x, y) 
= (0.31, 0.69), and it was a red light emission with satisfactory chromaticity. 

[0120] As explained in the foregoing, the current efficiency was 4.14 cd/A at 200 cd/nn2, and there was realized a 
device of a very high efficiency as a red light emitting device. Such high efficiency is a feature of the device utilizing a 
phosphorescent material, and the device of the present embodiment fully exploits such feature. Therefore, the quinoxaline 
derivative of the present invention is suitable as a host material in a light emitting layer utilizing a phosphorescent material. 
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(Comparative example 1 ) 

[0121] For the purpose of comparison with Embodiment 4, there is shown an example of characteristics of a conven- 
tional electric field fight emitting device employing lr(btp)2(acac) as a guest. The device structure was similar to Embod- 
5 iment 4, except for the light emitting layer 113. The light emitting layer 113 had a conventional structure with CBP as a 
host, and an addition concentration of ir(btp)2(acac) was selected as at>out 7.5 wt.%. 

[0122] Current efficiency-luminance (t^-L) characteristics and luminance-voltage (L-V) characteristics of the obtained 
device are respectively indicated by "Comparative example 1" in Figs. 12 and 13. This device had a drive voltage of 9.0 
V at a light emission with a luminance of about 200 cd/m^, with a current of a current density of 5.55 mA/cm^. A current 
10 efficiency was 3.55 cd/A. 

[0123] Also a light emission spectrum of this device was about same as in Fig. 14. The CIE chromaticity coordinates 
were (x. y) = (0.31, 0.67). 

[0124] In comparison with Embodiment 4, the light emission spectrum and the chromaticity were about same, but the 
current efficiency was somewhat inferior (Fig. 12). Thus, the quinoxaline derivative of the present invention proved to 

15 be more suitable material than the conventional material, as a host material of the light emitting layer. 

[0125] Also this comparative example 1 had a higher drive voltage in comparison with Emt)odiment 4 (Fig. 13). For 
example the drive voltage for attaining about 200 cd/m^ was 9.0 V which was higher by 1 .8 V than in Embodiment 4 
(7.2 V). Therefore the use of the quinoxaline derivative of the present invention as the host material enabled to reduce 
the drive voltage than in the conventional art. 

20 [0126] Fig. 15 shows current-voltage (l-V) characteristics of Embodiment 4 and Comparative example 1 . Emt>odiment 
4 shows an apparent shift to a lower voltage side, indicating a higher current flowability. This fact indicates that the 
quinoxaline derivative of the present invention is superior to CBP in the carrier transporting property, thus contributing 
to a decrease in the drive voltage. Thus, the quinoxaline derivative of the present invention, having an excellent carrier 
transporting property, can be considered to similariy decrease the drive voltage also in case of being employed as a 

25 host material for other various light emitting materials. 

[0127] Based on the foregoing, it was identified that the use of the quinoxaline derivative of the present invention as 
the host material in the light emitting layer could reduce the drive voltage. It was particulariy identified, in the use as the 
host material of the phosphorescent material, that an electric field light emitting device could be realized with a higher 
efficiency and a lower drive voltage than in the conventional art. 

30 

[Embodiment 5] 

[0128] This embodiment provides a specific example of an electric field light emitting device employing a quinoxaline 
derivative (TPAQn) of the present invention obtained in the foregoing synthesis example 1 as a host material of the light 
35 emitting layer. There is particulariy shown an example of a device utilizing a phosphorescent material showing a light 
emission from a triplet excited state as a guest. The device structure was made same as in Embodiment 4, except that 
BCP was eliminated therefrom. 

[0129] At first, there was employed a substrate 100 in which an ITO film of 110 nm was formed as a first electrode 
101 on a glass. The ITO was so formed as to function in an electrode of a size of 2 mm square. The ITO functions as 
40 an anode. 

[0130] Then films of CuPc of 20 nm as a hole injecting layer 111, and a-NPD of 40 nm as a hole transporting layer 
112 were formed. Then a light emitting layer 1 1 3 of 30 nm was formed by co-evaporating TPAQn and lr(btp)2(acac) in 
such a manner that lr(btp)2(acac) was contained by about 10 wt.%. Further, Alq of 20 nm was laminated as an electron 
transporting layer 114. Also calcium fluoride of 2 nm as a layer for promoting electron injection was laminated on the 
45 electron transporting layer 114, and aluminum (Al) of 100 nm was laminated as a second electrode 103 to obtain an 
organic semiconductor device (electric field light emitting device) of the present invention. 

[0131] Current efficiency-luminance (r|-L) characteristics and luminance-voltage (L-V) characteristics of the obtained 
device are respectively indicated by "Embodiment 5" in Figs. 12 and 13. This device had a drive voltage of 6.6 V at a 
light emission with a luminance of about 200 cd/m^, with a current of a current density of 5.79 mA/cm^. A current efficiency 
50 was 3.44 cd/A. 

[01 32] Also a light emission spectrum of this device was similar to the spectrum shown in Fig. 14. The CIE chromaticity 
coordinates were (x, y) = (0.32, 0.68). and it was a red light emission with satisfactory chromaticity. 
[0133] The current efficiency was similar to the conventional art (Comparative example 1), and there was realized a 
device of a very high efficiency as a red light emitting device (Fig. 12). Also from Fig. 13 it can be understood that the 
55 drive voltage Is very low in comparison with Comparative example 1 . For example, the drive voltage for attaining about 
200 cd/m2 was 6.6 V which was lower by as much as 2.4 V in comparison with 9.0 V in Comparative example 1. The 
l-V characteristics shown in "Embodiment 5" in Fig. 15 also shows a shift to a lower voltage side in comparison with the 
conventional art (Comparative example 1 ), and the high carrier transporting property of the quinoxaline derivative of the 
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present invention is considered to contribute to the decrease in the drive voltage. 

[01 34] It is particularly to be noted that a highly efficient device is realized without utilizing BCP which is applied in the 
electron transporting layer of Embodiment 4 and Comparative example 1 . In a device causing light emission of a phos- 
phorescent material, it has normally been considered necessary to provide, next to the light emitting layer, an electron 

5 transporting layer (so-called hole blocking layer) constituted of a material capable of enclosing holes or excitons. namely 
a hole blocking material or an exciton blocking material, such as BCP in Embodiment 4 or Comparative example 1 . This 
is because, without such layer, the excitation energy of the phosphorescent material is transferred to the ordinarily 
employed material of the electron transporting layer such as Alq, so that an efficient light emission cannot be obtained 
from the phosphorescent material. 

10 [0135] However, according to present Embodiment 5. in case of employing the quinoxaline derivative of the present 
invention as the host material to the phosphorescent material, it is unnecessary to provide so-called hole blocking layer 
and made possible to decrease the number of layers. Also a hole blocking material or an exciton blocking material such 
as BCP generally shows a severe crystallization and results in a deterioration of reliability, so that the result of Embodiment 
5 allowing to dispense with such materials leads to an advantage of an improvement in the reliability of the electric field 

15 light emitting device utilizing the phosphorescent material. 

[01 36] Furthermore, the result of Embodiment 5 indicates that the efficiency of the energy transfer from the quinoxaline 
derivative of the present invention to the phosphorescent material is extremely satisfactory. Also in this sense, the 
quinoxaline derivative of the present invention is suitable as a host material for the light emitting layer employing the 
phosphorescent material. 

20 

Claims 

1. A quinoxaline derivative represented by a general formula (1). 
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45 (In the formula, - R''^ each Independently represents a hydrogen atom, a halogen atom, a lower alkyi group, an 

alkoxy group, an acyl group, a nitro group, a cyano group, an amino group, a dialkylamino group, a diarylamino 
group, a vinyl group, an aryl group, or a heterocyclic residue group; R^ and R^o. R^^ and R^^ and R^"* and R^^ are 
each independent or mutually bonded to form an aromatic ring; Ar^ - Ar^ each independently represents an aryl 
group or a heterocyclic residue group; Ar^, Ar2, Ar^ and Ar^ are each independent or Ar^ and Ar2. and Ar^ and Ar^ 

so are respectively mutually bonded directly, or Ar"* and Ar2, and Ar^ and AT* are bonded via oxygen (O), sulfur (S) or 

a cart>onyl group.) 

2. A quinoxaline derivative represented by a general formula (2). 
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(In the formula. X and Y each independently represents any of general formulas (3) - (5); - R^Q independently 
represents a hydrogen atom, a halogen atom, a lower alky! group, an alkoxy group, an acyl group, a nrtro group, a 
cyano group, an amino group, a dialkylamino group, a diarylamino group, a vinyl group, an aryl group, or a heterocyclic 
residue group; R^ and R'^o, R'*^ and R^''. and R'''* and R^2 are each independent or are mutually bonded to form an 
aromatic ring: Z represents oxygen (O). sulfur (S) or a carbonyl group.) 

A quinoxaline derivative represented by a general formula (6). 

X Y 




(6) 



(7) 



(8) 
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(In the formula, X and Y each is represented by either one of formulas (7) - (8); in the formula, - independently 
represents a hydrogen atom, a halogen atom, a lower alkyi group, an alkoxy group, an acyl group, a nitro group, a 
cyano group, an amino group, a dialkylamino group, a diarylamino group, a vinyl group, an aryl group, or a heterocyclic 
residue group; and R''^. Rio and R^^ and R^^ and R''^ are each independent or mutually bonded to form an 
aromatic ring; Z represents oxygen (O), sulfur (S) or a carbonyl group.) 

A quinoxaline derivative represented by a structural formula (10). 




(10) 



A quinoxaline derivative represented by a structural formula (11). 
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A quinoxaline derivative represented by a structural formula (12). 




A quinoxaline derivative represented by a structural formula (1 3). 




A quinoxaline derivative represented by a structural formula (14). 
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9. An electric field light emitting device characterized by including said quinoxaline derivative according to any one 
of claims 1 to 8, between a pair of electrodes. 

10- An electric field light emitting device characterized by including a light emitting layer containing said quinoxaline 
derivative according to any one of claims 1 to 8 between a pair of electrodes, and a phosphorescent material showing 
a light emission from a triplet excited state. 

1 1 . An electric field light emitting device according to claim 8, characterized in that a light emission spectrum of said 
phosphorescent material in claim 10 has a peak from 560 to 700 nm. 

12. A host material including said quinoxaline derivative according to any one of claims 1 to 8. 

13. An organic semiconductor device characterized in that said quinoxaline derivative according to any one of claims 
1 to 8 is included in an active layer. 

14. An electronic device characterized by employing said electric field light emitting device according to claim 10. 

15. An electronic device according to claim 14, characterized in that said electronic device is any one of a personal 
computer, a portable telephone and a television receiver. 

16. An electronic device characterized by employing said organic semiconductor device according to claim 13. 

17. An electronic device according to claim 16, characterized in that said electronic device is any one of a personal 
computer, a portable telephone and a television receiver. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 8 
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Fig. 10 
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Fig. 14 
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Fig. 16 
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